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PURPOSE: To prevent deterioration of the degree of orientation by regulating the 
thickness of an alloy, having a composition composed essentially of specific 
amounts of R, B, and Fe and also having a homogeneous structure composed of 
R2Fe14B type crystals of specific grain size and R-enriched phases, to a specific 
value. 

CONSTITUTION: A molten alloy, composed essentially of, by atom, 10-25% R, 
2-15% B, and 60-88% Fe, is cooled by means of a rapid cooling roll from a temp, 
between (liquidus temp. +5) and 300°C down to 700-1 000°C cast strip temp, at 
(2x103 to 7x103)°C/sec primary cooling rate. After detached from the roll, the 
cast strip is cooled down to a temp, not higher than the solidus temp, at (50 to 2x 
103)°C/min secondary cooling rate. A fine structure, in which R2Fe14B type 
dentrites or columnar crystals of 3-1 5pm average minor axis crystalline grain 
size, containing fine crystals of <1 pm average minor axis crystalline grain size by 
^10%, and R-enriched phases of S5um are dispersed, is formed. The thickness 
of the cast strip is regulated to 0.01 -1mm. By the above procedure, the cast slab 
can be prevent from being reduced to fine powder at the time of crushing for 
forming a magnet, and also the oxidation of the resulting powder can be 
prevented. By this method, the alloy excellent in magnetic properties can be 
obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Fe60 - 88at% is used as a principal component B-2 - 15at% R10 - 
25at%. The R2Fe14B mold arborescence of 3 micrometers - 15 micrometers of 
diameters of average minor-axis crystal grain or columnar crystal with which the 
diameter of minor-axis crystal grain contains a less than 1.0-micrometerfine 
crystal 10% or less, The cast piece for R-Fe-B system magnet alloys 
characterized by for the R-rich phase of 5 micrometers or less consisting of a 
homogeneity organization which distributed minutely, and cast piece thickness 
consisting of 0.01mm - 1.0mm. 

[Claim 2] The magnet alloy molten metal which uses Fe60 - 88at% as a principal 
component B-2 - 15at% R10 - 25at% From temperature with a liquidus-line 
temperature [ of an alloy ] (coagulation initiation temperature) of +5 degrees C - 



+300 degrees C With a quenching roll, with the primary cooling rate of 2x103 
degree-C/sec-7x103 degree C/sec After cooling in cast piece temperature of 700 
degrees C - 1000 degrees C, Said cast piece is cooled to the solidus-line 
temperature of an alloy after roll balking below (the completion temperature of 
coagulation) with the secondary cooling rate of 50 degrees C / min - 2x103 
degrees C / min. The R2Fe14B mold arborescence of 3 micrometers - 15 
micrometers of diameters of average minor-axis crystal grain or columnar crystal 
with which the diameter of minor-axis crystal grain contains a less than 1 .0- 
micrometer fine crystal 10% or less, The manufacture approach of the cast piece 
for R-Fe-B system magnet alloys characterized by obtaining the cast piece for 
magnet alloys which R rich phase of 5 micrometers or less becomes from the 
homogeneity organization which distributed minutely, and cast piece thickness 
becomes from 0.01mm - 1.0mm. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the cast piece for R-Fe-B system 



magnet alloys which has a detailed homogeneity organization, and its 
manufacture approach. After dissolving a R-Fe-B system alloy molten metal with 
a vacuum melting furnace, teeming is carried out to a quenching roll from the 
nozzle of a tundish point. By cooling the secondary cast piece which seceded 
from the molten metal from the roll after primary cooling with the specific cooling 
rate with a quenching roll with a specific cooling rate below to solidus-line 
temperature It is related with the cast piece for R-Fe-B system magnet alloys 
which obtains the quenching cast piece of the specific thickness which the 
R2Fe14B mold dendrite crystal or the columnar crystal which has the diameter of 
minor-axis crystal grain of a specific dimension, and specific R rich phase 
become from the homogeneity organization which distributed minutely, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] A magnet property high in the organization which 
has the main phase and R rich phase of a ternary system tetragonal compound 
is acquired, a R-Fe-B system permanent magnet (JP,59-46008,A) typical as a 
high performance permanent magnet is used in a field with the various electrical 
machinery products of ordinary homes to the broad peripheral device of a large- 
sized computer, and the R-Fe-B system permanent magnet of various 
presentations is proposed that it demonstrates the various magnet properties 
according to an application. 

[0003] being 1 ferromagnetism phase and making [ many ] abundance of the 
R2Fe14 B phase of the main phase, in order to raise the residual magnetic flux 
density (Br) of a R-Fe-B system sintered magnet, raising the consistency of two 
sintered compacts to the theoretical density of the main phase, and 3 -- it is 
required further that the amount of preferred orientation of the direction of an 
easy axis of the main phase crystal grain should be raised. 
[0004] Namely, although it is important for achievement of said 1st term to bring 
a magnetic presentation close to stoichiometric composition of the above- 
mentioned R2Fe14B If it is going to produce a R-Fe-B system sintered magnet 



as a start raw material, the alloy lump which dissolved the alloy of the above- 
mentioned presentation and cast to mold From being [ which was crystallized in 
the alloy lump ] alpha-Fe, the R-rich phase being locally omnipresent, etc., 
grinding became difficult especially at the time of pulverizing, and there were 
problems, such as producing a presentation gap. 

[0005] In order to prevent the residual of big-and-rough-izing of the fault slack 
crystal grain in the end of a R-Fe-B system alloy powder by the ingot grinding 
method, and alpha-Fe, and a segregation recently, the method of manufacturing 
a sintered magnet according to the usual powder-metallurgy processing is 
proposed [ cast piece / the cast piece of specific board thickness, and / nothing 
and said cast piece ] by the congruence rolling method in the R-Fe-B system 
alloy molten metal (JP,63-317643,A). 

[0006] moreover, a R-Fe-B system alloy molten metal using a piece roll as an 
approach of manufacturing the quenching cast piece for permanent magnets by 
the horizontal **** strip cast method Prepare the nozzle of necessary width of 
face in the horizontal direction of a tundish point, make this nozzle adjoin, and 
support arrangement of the piece roll is carried out horizontally. After holding the 
molten metal dissolved with the high frequency fusion furnace in tundish, teeming 
of the molten metal is carried out to the piece roll side which level arrangement is 
carried out and carries out a continuation revolution from this nozzle, and the 
method of carrying out rapid solidification and manufacturing a quenching cast 
piece is proposed (JP,5-222488,A, JP,6-84624,A). 

[0007] Furthermore, as a cast piece for magnet alloys which cast the R-Fe-B 
system magnet alloy molten metal in the quenching roll, R, T, and B are used as 
a principal component, the pitch diameter which consisted of R2Fe14 B phases 
substantially consists of a grain boundary phase which makes a subject the 
columnar grain which is 3-50 micrometers, and R rich phase, and the cast piece 
for magnet alloys whose thickness of the cooling direction is 0.1 -2mm is 
proposed (JP,5-295490,A). 
[0008] 



[Problem(s) to be Solved by the Invention] Artificers did the knowledge of cast 
structure having changed with casting conditions a lot, and oxidation of the 
powder accompanying the pulverization at the time of grinding at the time of 
being magnet-ization and lowering of the amount of preferred orientation of a 
sintered magnet having taken place, and having had big effect on magnetic 
properties about the cast structure of the above-mentioned cast piece for magnet 
alloys, when it investigates in a detail. 

[0009] In order that this invention may cancel the trouble in the cast piece for 
magnet alloys which cast the R-Fe-B system magnet alloy molten metal in the 
quenching roll, it can prevent oxidation of the powder accompanying the 
pulverization at the time of grinding in the case of magnet-izing, and lowering of 
the amount of preferred orientation of a sintered magnet, and aims at offer of the 
R-Fe-B system magnet alloy cast piece which clarified relation between a cast 
piece organization and magnetic properties so that the R-Fe-B system sintered 
magnet which was excellent in magnetic properties might be obtained, and offer 
of the manufacture approach of the magnet alloy cast piece concerned. 
[0010] 

[Means for Solving the Problem] The result to which artificers considered various 
relation of the magnetic properties of said cast piece organization for magnet 
alloys and sintered magnet, The arborescence or columnar crystal which has 
various magnitude and directions exists in said cast piece. Detailed 
arborescence or a detailed columnar crystal has big effect on oxidation of the 
powder accompanying the pulverization at the time of grinding in the case of 
magnet-izing, and lowering of the amount of preferred orientation of a sintered 
magnet. The knowledge of it being important reducing the detailed arborescence 
or columnar crystal in said cast piece is carried out. furthermore, when it inquires, 
in order to obtain the cast piece which reduced the detailed arborescence or 
columnar crystal in this cast piece After it carried out teeming of the alloy molten 
metal of specific temperature to the quenching roll from the nozzle and the 1st 
order cooled with the specific cooling rate, the knowledge of it being important 



cooling the secondary cast piece which estranged the roll with a specific cooling 
rate below to solidus-line temperature was carried out, and this invention was 
completed. 

[001 1] Namely, this invention uses Fe60 - 88at% as a principal component B-2 - 
15at% R10 - 25at%. The R2Fe14B mold arborescence of 3 micrometers - 15 
micrometers of diameters of average minor-axis crystal grain or columnar crystal 
with which the diameter of minor-axis crystal grain contains a less than 1 .0- 
micrometer fine crystal 10% or less, It is the cast piece for R-Fe-B system 
magnet alloys characterized by for the R-rich phase of 5 micrometers or less 
consisting of a homogeneity organization which distributed minutely, and cast 
piece thickness consisting of 0.01 mm - 1 .0mm. 

[0012] This invention moreover, the magnet alloy molten metal which uses Fe60 

- 88at% as a principal component B-2 - 15at% R10 - 25at% From temperature 
with a liquidus-line temperature [ of an alloy] (coagulation initiation temperature) 
of +5 degrees C - +300 degrees C With a quenching roll, with the primary cooling 
rate of 2x103 degree-C/sec-7x103 degree C/sec After cooling in cast piece 
temperature of 700 degrees C - 1000 degrees C, Said cast piece is cooled to the 
solidus-line temperature of an alloy after roll balking below (the completion 
temperature of coagulation) with the secondary cooling rate of 50 degrees C / 
min - 2x103 degrees C / min. The R2Fe14B mold arborescence of 3 micrometers 

- 15 micrometers of diameters of average minor-axis crystal grain or columnar 
crystal with which the diameter of minor-axis crystal grain contains a less than 
1.0-micrometerfine crystal 10% or less, It is the manufacture approach of the 
cast piece for R-Fe-B system magnet alloys characterized by obtaining the cast 
piece for magnet alloys which R rich phase of 5 micrometers or less becomes 
from the homogeneity organization which distributed minutely, and cast piece 
thickness becomes from 0.01mm - 1.0mm. 

[0013] 

[Function] After this invention dissolves a R-Fe-B system alloy molten metal with 
a vacuum melting furnace, By carrying out teeming to a quenching roll from the 



nozzle of a tundish point, and cooling the secondary cast piece which seceded 
from the molten metal from the roll after primary cooling to specific temperature 
with the specific cooling rate with a quenching roll with a specific cooling rate 
below to solidus-line temperature It is characterized by obtaining the quenching 
cast piece of the specific thickness which the R2Fe14B mold dendrite crystal or 
the columnar crystal which has the diameter of minor-axis crystal grain of a 
specific dimension, and specific R rich phase become from the homogeneity 
organization which distributed minutely. 

[0014] That is, board thickness became thin, and although cast structure of a 
cooling cast piece was made detailed, it found out that cast structure changed 
with the temperature of the cast piece in the event of leaving a quenching roll 
actually, and a subsequent cooling rate, so that it was decided that it would be 
the flash when the molten metal contacted the cooling roller, the contact length of 
a molten metal and a cooling roller was short and roll peripheral speed was quick. 
Generally, coagulation begins at liquidus-line temperature and coagulation 
completes an alloy molten metal at solidus-line temperature. However, if the time 
amount which passes through the solid-liquid coexistence field from this liquidus 
line to solidus-line temperature is long, cast structure will make it big and rough. 
With a R-Fe-B system alloy, since the difference of said liquidus-line temperature 
and solidus-line temperature is as large as about 500 degrees C, especially the 
aforementioned big-and-rough-izing is remarkable. 
[0015] That is, the cast piece temperature immediately after estranging a 
quenching roll will grow, if a subsequent cooling rate is slow and the time amount 
which passes through a solid-liquid coexistence field becomes long, although a 
detailed organization will be obtained if subsequent cooling of more than the 
solidus line is quick enough, and crystal grain invites lowering of iHc of a sintered 
magnet. As a result of artificers' investigating the relation of said pass time and 
diameter of crystal grain, the diameter of crystal grain grows [ the pass time of a 
solid-liquid coexistence field ] even several small minutes, for example, when the 
pass time from 800 degrees C to solidus-line temperature is 3 minutes, the 



diameter of crystal grain grows up into 20-30 micrometers. 
[0016] Moreover, although cooling with a roll can be strengthened, the cast piece 
at the time of roll balking can be made below into solidus-line temperature, and 
big and rough-ization of said crystal grain does not take place in this case, the 
rate of cooling with a roll is too quick, and a crystal is made detailed too much 
and invites lowering of Br of a sintered magnet. That is, the knowledge of the 
two-step cooling method which cools the primary alloy molten metal to specific 
temperature with a specific cooling rate with a quenching roll in order not to make 
the diameter of crystal grain of a cast piece make it detailed too much, and cools 
further the secondary cast piece from which it seceded from the quenching roll 
after that with a specific cooling rate below to solidus-line temperature in order 
not to make the detailed organization make it big and rough being important was 
carried out. 

[0017] The reason which limited the temperature of the alloy molten metal which 
carries out cooling coagulation with a quenching roll in the manufacture approach 
of the cast piece this invention to the liquidus-line temperature (coagulation 
initiation temperature) of +5 degrees C - +300 degrees C Since it becomes 
impossible to cast, if an alloy molten metal solidifies in the nozzle section, and it 
causes nozzle plugging at the liquidus-line temperature of less than +5 degrees 
C, and it is not desirable and the liquidus-line temperature of +300 degrees C is 
exceeded Since molten metal temperature is too high, the molten metal 
temperature which cooling with a roll becomes inadequate, and the diameter of 
average minor-axis crystal grain exceeds 15 micrometers, and contacts a roll is 
high and the life of a cooling roller becomes short, it is not desirable. 
[0018] Setting to this invention, a primary cooling rate is {(molten metal 
temperature which carries out roll contact) -(cast piece temperature at time of roll 
balking)}/(roll contact time). 

It is alike, and defines, under 2x1 03 degrees C / sec of cooling of the molten 
metal according [ a primary cooling rate ] to a roll are inadequate, and the 
diameter of average minor-axis crystal grain is not desirable more than 15 



micrometers, and if 7x103 degrees C/sec is exceeded, since a fine crystal with a 
particle size of 1 micrometer or less exceeds [ the diameter of average minor- 
axis crystal grain ] 10% at least 3 micrometers or more by average minor-axis 
crystal grain liquid becoming detailed with less than 3 micrometers, it is not 
desirable. Moreover, the range where a primary cooling rate is desirable is 3x103 
degree-C/sec-6x103 degree C/sec. 

[0019] The reason which limited the cast piece temperature after primary cooling 
to 700 degrees C - 1000 degrees C At less than 700 degrees C, the diameter of 
average minor-axis crystal grain becomes detailed with less than 3 micrometers, 
and if the diameter of average minor-axis crystal grain exceeds 1000 degrees C 
further preferably in order that a fine crystal 1 micrometer or less may exceed 
10% at least 3 micrometers or more Since the secondary cooling system with 
which an installation cost increases is needed in order for the time amount 
cooled after roll balking of a cast piece and to below solidus-line temperature to 
become long, and for the diameter of average minor-axis crystal grain to make it 
big and rough exceeding 15 micrometers and to cool below to solidus-line 
temperature for a short time, it is not desirable. Furthermore, the cast piece 
temperature requirement after desirable primary cooling is 700 degrees C - 900 
degrees C. 

[0020] the solid-liquid coexistence field in which the reason which limited cooling 
of the cast piece after roll balking to below solidus-line temperature exceeded 
solidus-line temperature in this invention - R - the rich liquid phase exists, and 
since a crystal grows, even maintenance for several small minutes makes big 
and rough and a magnet property, especially coercive force reduce, a crystal 
does not grow, namely, needs to cool below to the solidus-line temperature in 
which the liquid phase does not exist at all. 

[0021] Setting to this invention, a secondary cooling rate is {(at time of roll balking 
cast piece temperature) -(solidus-line temperature)}/(cooldown delay). 
It is not desirable, in order that it is alike, it may define, the time amount from 
which passage takes a solid-liquid coexistence field to a secondary cooling rate 



at under 50 degrees C / min may become long and a crystal may grow and make 
it big and rough. Moreover, although it is desirable, in consideration of facility 
cost etc., less than 2x103 degrees C / min of a mass production target are more 
desirable [ the time amount which passage of a solid-liquid coexistence field 
takes becomes short and ], as a secondary cooling rate is quick. Moreover, the 
range where a secondary cooling rate is desirable is 100 to 2x103 degrees C / 
min. 

[0022] It can cool in migration, or between a quenching roll and a cast piece hold 
box, by inert gas cooling, a conveyor, or belts, such as Ar gas, further, within a 
cast piece hold box, inert gas cooling can be carried out and secondary cooling 
in this invention can be adjusted, and on both sides of a cast piece, it may cool 
with two pairs of rotating belts, or it may have the approach of supplying to Liquid 
Ar directly etc., and the combination of these approaches is sufficient as it. 
Moreover, in order to realize sufficient secondary cooling rate, it is necessary to 
take enough the distance between a cooling roller and a cast piece hold box, and, 
as for the distance, 1/20 or more [ of roll peripheral velocity ] is desirable. For 
example, when roll peripheral velocity is 100 m/min, it is 5m or more. 
[0023] In the cast piece for magnet alloys of this invention, the diameter of minor- 
axis crystal grain means the die length of the minor axis of a vertical direction to 
arborescence or the direction of a major axis of a columnar crystal. The reason 
which limited the R2Fe14B mold arborescence of the cast piece for magnet 
alloys, or the diameter of average minor-axis crystal grain of a columnar crystal 
to 3 micrometers - 15 micrometers When disintegration is carried out in less than 
3 micrometers, become easy to oxidize, and degradation of magnetic properties 
is invited. Moreover, since the end of an alloy powder disintegration was carried 
out becomes the polycrystalline substance, the amount of preferred orientation at 
the time of press forming invites turbulence and lowering of magnetic Br, the 
diameter of crystal grain of a sintered magnet will become large if it exceeds 15 
micrometers further, and coercive force declines, it is not desirable. 
[0024] Moreover, the rate of the polycrystalline substance in the end of an alloy 



powder disintegration was carried out in content exceeding 10% increases, and 
since Br of turbulence and a magnet falls, the amount of preferred orientation at 
the time of press forming is not desirable [ the reason to which the diameter of 
minor-axis crystal grain limited content of a less than 1.0-micrometerfine crystal 
to 10% or less ]. 

[0025] each rate of a quantitative ratio of the R2Fe14B mold dendrite crystal in 
the homogeneity organization which distributed minutely [ the cast piece for 
magnet alloys of this invention ], a columnar crystal, and R rich phase - 
R2Fe14B mold dendrite crystal or a columnar crystal ~ 90% or more - desirable 
-- further -- desirable -- 95% or more ~ it is - moreover, R rich phase - 3 - 10% - 
it is desirable. In this invention, although changed, when [ which depends 
solidus-line temperature on a R-Fe-B system magnet presentation ] a magnet 
presentation is a 14Nd-79Fe-7Bat% magnet, solidus-line temperature is 665 
degrees C. 

[0026] The reason for definition of an alloy presentation of the alloy cast piece 
which manufactures the R-Fe-B system permanent magnet by this invention is 
explained below. The rare earth elements R contained in the alloy cast piece for 
permanent magnets of this invention are rare earth elements which include an 
yttrium (Y) and include light rare earth and heavy rare earth. As R, it is sufficient 
with light rare earth, and especially Nd and Pr are desirable. Moreover, it has one 
sort in R, and although it is sufficient, two or more kinds of mixture (a misch metal, 
didym, etc.) can be practically used for the reasons of the facilities on acquisition 
etc., and Sm, Y, La, Ce, Gd, etc. can usually be used as mixture with other R, 
especially Nd, Pr, etc. In addition, this R may not be pure rare earth elements, 
and what contains an unescapable impurity on manufacture in the available 
range on industry does not interfere. 

[0027] R will be the essential element of the alloy cast piece which manufactures 
a R-Fe-B system permanent magnet, under by 10 atom %, high magnetic 
properties, especially high coercive force are not acquired, if 25 atom % is 
exceeded, a residual magnetic flux density (Br) will fall and the permanent 



magnet of the outstanding property will not be obtained. Therefore, R is taken as 
the range of ten atoms % - 25 atom %. 

[0028] B is the essential element of the alloy cast piece which manufactures a R- 
Fe-B system permanent magnet, and under by 2 atom %, high coercive force 
(iHc) is not acquired, and since a residual magnetic flux density (Br) will fall if an 
atom is exceeded 15%, the outstanding permanent magnet is not obtained. 
Therefore, B is taken as the range of two atoms % - 15 atom %. 
[0029] Since high coercive force will not be acquired if Fe is the essential 
element of the alloy cast piece which manufactures a R-Fe-B system permanent 
magnet, a residual magnetic flux density (Br) falls under by 60 atom % and an 
atom is exceeded 88%, Fe is limited to 60 atoms % - 88 atom %. Moreover, 
although it is replaceable in a part of Fe at one sort of Co and nickel, or two sorts 
and this is because the effectiveness of raising the effectiveness of raising the 
temperature characteristic of a permanent magnet, and corrosion resistance is 
acquired, if one sort of Co and nickel or two sorts exceed 50% of Fe, high 
coercive force will not be acquired and the outstanding permanent magnet will 
not be obtained. Therefore, one sort or two sorts of amounts of permutations, Co 
and nickel, make 50% of Fe an upper limit. 

[0030] In the alloy cast piece by this invention, in order to obtain the outstanding 
permanent magnet which has both a high residual magnetic flux density and high 
coercive force, R12 atom % - 16 atom %, B4 atom % - 12 atom %, and Fe72 
atom % - 84 atom % are desirable. Moreover, although the alloy cast piece by 
this invention can permit existence of unescapable-on industrial production 
impurities, such as oxygen besides R, B, and Fe, and C, calcium, Mg The 
manufacturability improvement of a magnet alloy and low-pricing are possible by 
permuting a part of B below by 4.0 atom % with at least one sort and the total 
quantity among Cu(s) below C below 4.0 atom %, P below 3.5 atom %, S below 
2.5 atom %, and 3.5 atom %. The corrosion resistance of a sintered magnet 
improves by permuting said a part of B by C below 4.0 atom % especially. 
[0031] Into furthermore, the R-Fe-B alloy containing said R and B, Fe alloy, or Co 



aluminum below 9.5 atom %, Ti below 4.5 atom %, V below 9.5 atom %, Cr 
below 8.5 atom %, Mn below 8.0 atom %, Bi below pentatomic %, Nb below 12.5 
atom %, Ta below 10.5 atom %, Mo below 9.5 atom %, The high coercive force 
of a permanent magnet alloy becomes possible by carrying out at least one-sort 
addition content among W below 9.5 atom %, Sb below 2.5 atom %, germanium 
below 7 atom %, Sn below 35 atom %, Zr below 5.5 atom %, and Hf below 5.5 
atom %. In the R-Fe-B system permanent magnet of this invention, as for a 
crystal phase, it is indispensable that the main phase is ******, and it is effective 
for obtaining the detailed and uniform end of an alloy powder, and producing 
especially, the sintering permanent magnet which has outstanding magnetic 
properties. 

[0032] The reason which limited the board thickness of the magnet alloy cast 
piece which has the homogeneity organization which arborescence or the 
columnar crystal, and the R-rich phase distributed minutely in this invention to 
0.01 mm - 1 0mm In less than 0.01 mm, a large next door and the diameter of 
crystal grain serve as smallness from 3 micrometers, and since it becomes easy 
to oxidize when the quenching effectiveness carries out disintegration, while it 
invites degradation of magnetic properties Since the particle after pulverizing 
serves as polycrystal, the amount of preferred orientation falls and Br falls, if it is 
not desirable and 10mm is exceeded, since a cooling rate will become slow, it 
will be easy to crystallize alpha-Fe and the diameter of crystal grain will also 
produce omnipresence of a large next door and Nd rich phase, Since magnetic 
properties, especially coercive force decline, it is because it is not desirable. It is 
0.05mm - 0.8mm of board thickness more preferably. 

[0033] Although or more about 1/10 are detailed compared with the thing of the 
ingot which the R2Fe14B crystal of the main phase cast the cross-section 
organization of the R-Fe-B system alloy of the specific presentation acquired by 
the strip casting method of this invention to the conventional mold, and was 
obtained, the diameter of average minor-axis crystal grain in which the diameter 
of minor-axis crystal grain contains a less than 1.0-micrometerfine crystal 10% 



or less is 3 micrometers - 15 micrometers like the above-mentioned. 

[0034] 

[Example] 

In an example 1Ar reduced pressure 200torr ambient atmosphere, the alloy 
molten metal with a molten metal temperature of 1300 degrees C of a 31 Nd- 
1.0Dy-1.1B-3.0Co-** Fe (wt%) presentation (liquidus-line temperature of 1170 
degrees C) From a nozzle, to a water-cooled Cu piece roll surface with an outer 
diameter [ of rotational frequency 120rpm ] of 300 micrometers In the primary 
cooling rate of 5x103 degrees C / sec, after cooling in cast piece temperature of 
800 degrees C, Ar gas of the pressure of 5kg/cm2 and flow rate 500 l/min is 
sprayed from the upper and lower sides of a cast piece between a quenching roll 
and a cast piece hold box (distance of 8m) after roll balking. Furthermore, Ar gas 
of the pressure of 5kg/cm2, and the flow rate of 500I. / min was sprayed within 
the cast piece hold box, the gas cooling method of the cast piece was carried out 
with the secondary cooling rate of 200 degrees C / min to 600 degrees C 
(solidus-line temperature of 660 degrees C), and the cast piece with a thickness 
of 0.38mm was obtained. 

[0035] Mirror plane polishing of the cross section of the obtained cast piece was 
carried out, and it observed with the optical microscope (one 400 times the scale 
factor of this), and as a result of measuring the diameter of minor-axis crystal 
grain in linear analysis about 500 crystals, it had the homogeneity organization 
which the R2Fe14B mold dendrite crystal of 4.5 micrometers of diameters of 
average minor-axis crystal grain of 3% content of a fine crystal 1.0 micrometers 
or less of the diameter of minor-axis crystal grain and the R-rich phase of 5 
micrometers or less distributed minutely. The obtained cast piece was pulverized 
by jet mill grinding after coarse grinding, and impalpable powder with an average 
powder particle size of 3.0 micrometers was obtained. The magnetic properties 
and the diameter of average crystal grain of a test piece which were obtained 
after molding in magnetic-field-intensity 15kOe at press ** 1 ton/cm2 by 
performing the 4-hour sintering back at 1040 degrees C, and performing aging 



treatment of 1 hour at 600 degrees C in a vacuum are shown for said powder in a 
table 1. 

[0036] Using the alloy molten metal of the same presentation as example of 
comparison 1 example 1, the same roll as an example 1 was used, it cooled in 
the primary cooling rate of 7500 degrees C / sec, and the cast piece temperature 
at the time of roll balking was 630 degrees C. Furthermore, the gas cooling 
method of the cast piece after roll balking was carried out with the secondary 
cooling rate of 200 degrees C / min, and the cast piece of 0.30mm of cast piece 
thickness was obtained. As a result of measuring the diameter of minor-axis 
crystal grain by the same approach as the example 1 of the obtained cast piece, 
the R2Fe14B mold dendrite crystal of 3.2 micrometers of diameters of average 
minor-axis crystal grain of 18% content of the fine crystal of 1 micrometer or less 
of diameters of minor-axis crystal grain was obtained. The sintered magnet was 
obtained on the same conditions as an example 1 except pulverizing the 
obtained cast piece in average powder particle size of 2.9 micrometers. Magnetic 
properties and the measurement result of the diameter of average crystal grain 
are shown in a table 1. 

[0037] Using the alloy molten metal of the same presentation as example of 
comparison 2 example 1, the same roll as an example 1 was used, it cooled by 
the primary cooling rate of 1600 degrees C / sec, and cast piece temperature 
was 1 100 degrees C. Furthermore, the gas cooling method of the cast piece after 
roll balking was carried out with the secondary cooling rate of 100 degrees C / 
min to 600 degrees C, and the cast piece of 0.43mm of cast piece thickness was 
obtained. Although the fine crystal of 1 micrometer or less of diameters of minor- 
axis crystal grain was 0% as a result of measuring the diameter of minor-axis 
crystal grain by the same approach as an example 1 , the diameter of average 
minor-axis crystal grain was 32 micrometers. The sintered magnet was obtained 
on the same conditions as an example 1 except pulverizing the obtained cast 
piece in average powder particle size of 3.2 micrometers. Magnetic properties 
and the measurement result of the diameter of average crystal grain are shown 



in a table 1. 

[0038] Using the alloy molten metal of the same presentation as example of 
comparison 3 example 1, the same roll as an example 1 was used and the cast 
piece of 0.38 micrometers of cast piece thickness was obtained on the same 
manufacture conditions as an example 1 except setting a secondary cooling rate 
to 20 degrees C / min. Although the fine crystal of 1 micrometer or less of 
diameters of minor-axis crystal grain was 0.5% as a result of measuring the 
diameter of minor-axis crystal grain by the same approach as an example 1, it 
was 21 micrometers of diameters of average minor-axis crystal grain. The 
sintered magnet was obtained on the same conditions as an example 1 except 
pulverizing the obtained cast piece in average powder particle size of 3.4 
micrometers. The magnetic properties of a sintered magnet and the 
measurement result of the diameter of average crystal grain are shown in a table 
1. 

[0039] After using the alloy molten metal of the same presentation as example of 
comparison 4 example 1 , and the same roll and carrying out a gas cooling 
method to 750 degrees C by the secondary cooling rate of 250 degrees C / min, 
the cast piece of 0.39 micrometers of cast piece thickness was obtained on the 
same manufacture conditions as an example 1 except cooling by 20 degrees C / 
min to 600 degrees C. Although the fine crystal of 1 micrometer or less of 
diameters of minor-axis crystal grain was 0.8% as a result of measuring the 
diameter of minor-axis crystal grain by the same approach as an example 1, 
average minor-axis particle size was 18 micrometers. The sintered magnet was 
obtained on the same conditions as an example 1 except pulverizing the 
obtained cast piece in average powder particle size of 3.3 micrometers. The 
magnetic properties of the obtained sintered magnet and the measurement result 
of the diameter of average crystal grain are shown in a table 1 . 
[0040] 
[A table 1] 











Br 
CkG) 


(BH)max 
(MGOe) 


iHc 
(kOe) 




13.26 


42.6 


16.4 


G.2pm 


mm 


12.80 


39.7 


16.8 


6.3pm 


itttW2 


13.26 


42.6 


1S.4 


12.8pm 




13.24 


42.5 


13.7 


10.1pm 


mm* 


13.22 


42.4 


14.2 


9.6pm 



[0041] 

[Effect of the Invention] After this invention dissolves a R-Fe-B system alloy 
molten metal with a vacuum melting furnace, By carrying out teeming to a 
quenching roll from the nozzle of a tundish point, and cooling the secondary cast 
piece which seceded from the molten metal from the roll after primary cooling 
with the specific cooling rate with a quenching roll with a specific cooling rate 
below to solidus-line temperature It is what obtains the quenching cast piece of 
the specific thickness which the R2Fe14B mold dendrite crystal or the columnar 
crystal which has the diameter of minor-axis crystal grain of a specific dimension, 
and specific R rich phase become from the homogeneity organization which 
distributed minutely. The pulverization at the time of lowering of the amount of 
preferred orientation and grinding in the case of magnet-izing and powdered 
oxidation can be prevented, and the R-Fe-B system magnet alloy cast piece 
which was excellent in magnetic properties is obtained. 
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